Molecular and biochemical characterization of an aminoalcoholphosphotransferase (AAPT1) from Brassica napus: effects of low temperature and abscisic acid treatments on AAPT expression in Arabidopsis plants and effects of over-expression of BnAAPT1 in transgenic Arabidopsis.
Aminoalcoholphosphotransferases (AAPT, EC 2.7.8.1 and EC 2.7.8.2) catalyze the transfer of CDP-aminoalcohols to sn-1, 2 diacylglycerol (DAG) to form phosphatidylaminoalcohols with the release of CMP. The Brassica napus L. AAPT1 gene (designated BnAAPT1) was identified from cDNA libraries of seedlings and developing seeds. Functional characterization was accomplished by heterologous expression of BnAAPT1 in a yeast strain deficient in AAPT activities. BnAAPT1 exhibited a greater preference for utilizing CDP-choline as a substrate with Vmax of 35 [14C]phosphatidylcholine nmol h(-1) mg(-1) protein and apparent Km of 32 microM while CDP-ethanolamine had a Vmax of 13 [14C]phosphatidylethanolamine nmol h(-1) mg(-1)protein and an apparent Km of 127 microM. The enzyme was activated by Mg2+, Mn2+ and phospholipid mixtures, and inhibited by Ca2+. A CDP-alcohol phosphotransferase motif, Asp99-Gly100-(X2)-Ala103-Arg104-(X8)-Gly113-(X3)-Asp117-(X3)-Asp121, was completely conserved in BnAAPT1 and its catalytic role was confirmed by scanning alanine mutagenesis. Over-expression of BnAAPT1 under the control of the double 35S promoter in transgenic Arabidopsis thaliana (L.) Heynh. plants led to elevated levels of the corresponding transcript and enzyme activity. In four of the high over-expression transgenic lines, phospholipid and fatty acid composition analyses revealed that chloroplastidic and extrachloroplastidic membranes isolated from transgenic leaves had about a 25% increase in phosphatidylcholine and in the proportions of polyunsaturated fatty acids [18:2+18:3], relative to the control. There were also consistent, but small differences observed in the proportions of 18:3 in transgenic green siliques and in 20:1 in mature transgenic seeds of these lines. Induction of Arabidopsis AAPT transcription in response to (+)-abscisic acid and low-temperature treatments, and the cold tolerance in BnAAPT1 transgenic seedlings implies that AAPT may play a role in resistance to damage at low growth temperatures.